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(54) Title: INVESTMENT CASTING MOLD AND METHOD OF MANUFACTURE 




(57) Abstract: The invention relates to a investment casting molds and their 
method of manufacture. The method entails mixing refractory fiber, glass fiber, 
and refractory filler to form a dry blend; mixing the dry blend with an aqueous 
colloidal silica sol to form a refractory prime coat slurry, and employing the 
refractory slurry to produce an investment casting mold (10, 20). 
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TITLE OF THE INVENTION 

Investment Casting Mold and Method of Manufacture 

TECHNICAL FIELD 

5 This invention relates to improved methods and compositions for investment 

casting technology. 

BACKGROUND ART 

Investment casting by the lost wax process can be traced to ancient Egypt and 

10 China. The process as practiced today, however, is a relatively new technology dating to 
the 1930's and represents a rapidly growing business and science. Investment casting 
technology simplifies production of complex metal shapes by casting molten metal into . 
expendable ceramic shell molds formed around disposable wax patterns which duplicate 
the desired metal shape. "Precision Investment Casting", i.e., PIC, is the term in the art 
15 that refers to this technology. 

The conventional PIC process employs six major steps: 
(1) Pattern preparation. 

A disposable positive pattern of the desired metal casting is made from a 
thermoplastic material such as wax that will melt, vaporize or burn completely so as not 
20 to leave contaminating residues in the de-waxed ceramic shell mold. The positive pattern 
is prepared by injecting the thermoplastic material into a negative, segmented, metal die 
or "tool" designed to produce patterns of the shape, dimension and surface finish required 
for the metal casting. Single or multiple patterns can be assembled by fusing them to a 
disposable wax "sprue system" that feeds molten metal to fill the shell mold; 
25 (2) Shell mold construction by: 

(a) dipping the pattern assembly into a refractory slurry having fine 

particulate refractory grain in an aqueous solution of alkali stabilized 
colloidal silica binder to define a coating of refractory material on the 
pattern; 

30 (b) contacting the refractory coating with coarse dry particulate 

refractory grain or "stucco" to define a stucco coating, and 
(c) air drying to define a "green" air dried insoluble bonded coating. 
These process steps can be repeated to build by successive coats a 
"green", air dried shell mold of the desired thickness. 
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DISCLOSURE OF THE INVENTION 

The invention relates to a process for rapidly forming a ceramic shell mold on a 
disposable support member, and to the ceramic shell molds obtained thereby. The process 
entails forming a dry blend that includes refractory fiber, glass fiber and refractory filler. 
5 The dry blend then is mixed with an aqueous colloidal silica sol binder to form a 

refractory slurry. The refractory slurry then can be used in the manufacture of ceramic 
shell molds. 

The invention relates to a method of manufacture of an investment casting mold. 
. The method entails mixing refractory fiber, glass fiber, and refractory filler to form first 

10 dry blend; mixing the first dry blend with an aqueous colloidal silica sol to form a 
refractory prime coat slurry; mixing refractory filler, glass fiber and refractory fiber to 
form a second dry blend, mixing the second dry blend with an aqueous colloidal silica sol 
to form a refractory back-up coat slurry which may be the same or different from the 
refractory prime coat slurry; applying a coating of the prime coat slurry onto an 

15 expendable pattern to produce a prime coated preform; applying a stucco of refractory 
material onto the prime coated preform; drying the stuccoed, prime coated preform; 
applying a coating of refractory back-up coat slurry onto the stuccoed, prime coated 
preform to produce a refractory back-up coated preform; applying a stucco of refractory 
material onto the back-up coated preform to produce a stuccoed, back-up coated preform; 

20 drying the stuccoed, refractory back-up coated preform; removing the expendable pattern 
from the refractory back-up coated preform to produce a green shell mold; and heating 
the green shell mold to a temperature sufficient to produce a ceramic shell mold. The 
refractory fiber can be a ceramic fiber and the refractory filler can include ceramic grains. 
The ceramic fiber can be present in an amount of about 1 wt.% to about 10 wt.% by weight 

25 of the dry blend, the glass fiber can be preseent in an amount of about 0.5 wt.% to about 
10 wt. % by weight of the dry blend, and the refractory filler can be present in an amount 
of about 80 wt.% to about 98.5 wt. % by weight of the dry blend. The dry blend can 
further include a polymeric fiber. 

Where the dry blend includes a polymeric fiber, the ceramic fiber can be present in 

30 an amount of about 1 wt. % to about 10 wt. % by weight of the dry blend, the glass fiber 
can be present in an amount of about 0.5 wt.% to about 10 wt. % by weight of the dry 
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FIG. 3 is an isometric view of a dewaxed, dried green ceramic shell 20. 

MODES FORCARRY1NG OUT THE INVENTION 
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In another aspect of the invention, rice hull ash is included in the dry blend that is 
mixed with the colloidal silica sol to form a slurry. This slurry also can be used to prepare 
investment casting shell molds. 

5 Dry Blends 

Refractory fillers which can be employed in the dry blends include a wide variety 
of materials. Examples of useful refractory fillers include but are not limited to grains 
such as fused silica, alumina, and aluminosilicates such as mullite, kyanite, and molochite, 
and mixtures thereof. 

10 Refractory fibers which may be employed in the dry blends typically have, but are 

not limited to, an aspect ratio of length to width of about 20:1. Examples of useful 
refractory fibers include but are limited to Orleans One fiber of Wallastonite from the 
Orleans Resource Group, located in Quebec, Canada, NIAD G fiber of Wallastonite from 
NYCO Minerals Co. in Willsboro, NY, metal fibers, aramid fibers, carbon fibers, as well as 

15 chopped or milled ceramic fibers such as aluminosilicates such as mullite, oxides such as 
alumina and zirconia, nitrides such as silicon nitride, carbon, and carbides such as silicon 
carbide, and mixtures thereof. Chopped and milled ceramic fibers are commercially 
available from numerous sources such as Thermal Ceramics Corp. 

Glass fibers which may be employed in the dry blends include chopped and milled 

20 glass fibers. Chopped glass fibers which may be employed include but are not limited E- 
glass fibers and S-glass fibers and mixtures thereof. Examples of E-glass fibers which may 
be employed include but are not limited to those which measure about 3 mm to about 6 
mm long and have a diameter of about 10 microns such as thpse from PPG Industries, 
Shelby, NC under the trade name Chop Vantage 8610. Chopped S-glass fibers which may 

25 be employed include but are not limited to those which measure about 3 mm to about 6 
mm long and have a diameter of about 10 microns such as those available from AGY Inc. 
Aiken, SC. Examples of useful milled E-glass fibers include but are not limited to 731ED 
3mm floccular fibers which have a length of about 0.125 inch, an average diameter of 15.8 
microns and a bulk density of 0.17 gm/cm 3 from Owens Corning Co. 

30 Organic fibers which may be employed in the dry blends include a wide variety of 

materials such as olefins, nylon type fibers, and aramid fibers. Examples of olefins which 
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As mentioned, the silica sol binder employed is Megasol® from Wesbond, Inc. 
However, other aqueous colloidal silica sols such as MegaPrime from Buntrock Industries, 
Inc. Williamsburg, VA; Nyacol 830 from EKA Chemical Co., Nalcoag 1130 and Nalcoag 
1030 from Nalco Chemical Co., as well as Ludox SM30 and Ludox HS-30 from W.R. Grace 
& Co., may be used. 
Preparation of Refractory Slurries 

Refractory slurries are formed by mixing an afore described dry blend and an 
aqueous silica sol binder. The amounts of dry blend and aqueous silica sol, preferably 
Megasol®, used to form a refractory slurry may vary over a wide range. Typically, the dry 
blend may be about 57 wt.% to about 64 wt.% based on the total weight of the slurry, 
remainder aqueous silica sol. 

Manufacture of refractory slurries illustrative of the invention are described below 
by reference to the following non-limiting examples. 

Example 1: This example illustrates forming a refractory slurry by mixing a dry blend 
that includes refractory filler, refractory fiber, and glass fiber and mixing 
that dry blend with an aqueous colloidal silica sol. 

100 grams Orleans One refractory fiber of Wallastonite, 20 grams 731 ED 1/8" 
milled E-glass fiber, and a refractory filler that includes 715 gms Fused Silica 120 (120 
mesh fused silica from C-E Minerals Co., Greenville, TN) and 715 gms Fused Silica 200 
(200 mesh fused silica from C-E Minerals Co., Greenville, TN) are dry mixed to form a dry 
blend. 

The dry blend is mixed with 1000 gms of Megasol® that has a solids content of 45%, 
a pH of 9.5 and a titratable NajO content of 0.2% to form a refractory slurry. 

Example 2: This example illustrates forming a refractory slurry by mixing a dry blend 
that includes refractory filler, refractory fiber, glass fiber, and organic 
polymeric fiber and mixing that dry blend with an aqueous colloidal silica 
sol. 

100 grams Orleans One refractory fiber of Wallastonite, 20 grams 731 ED 1/8" 
milled E-glass fiber, a refractory filler that includes 715 gms Fused Silica 120 and 715 gms 
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25 refractory slurry. 

Xd of an aqueous colloidal silica sol and refractory filler. 
30 aoOgramsOrleansOnerefractoryfiberof Wallastonite and 20 grams 731 ED 1/8" 

milled E-glass fiber mixed dry to form a dry blend. 
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The dry blend is admixed with a mixture that includes 1000 gms of the Megasol of 
example 1 and a refractory filler that includes 715 gms Fused Silica 120 and 715 gms Fused 
Silica 200 to form a refractory slurry. 

5 Example 6: This example illustrates forming a refractory slurry by mixing a dry blend 
that includes refractory fiber, glass fiber and organic polymeric fiber and 
mixing that dry blend with a blend of an aqueous colloidal silica sol and 
refractory filler. 

10 100 grams Orleans One refractory fiber of Wallastonite, 20 grams polyethylene 

fiber having a length of 1 mm and a diameter of 0.5 mm, and 100 grams 731 ED 1 /8" 
milled E-glass fiber are mixed dry to form a dry blend. 

The dry blend is admixed with a mixture that includes 1000 gms of the Megasol of 
example 1 and a refractory filler that includes 715 gms Fused Silica 120 and 715 gms Fused 

15 Silica 200 to form a refractory slurry. 

Example 7: This example illustrates forming a refractory slurry by mixing a dry blend 
that includes refractory filler and glass fiber and mixing that dry blend with 
an aqueous colloidal silica sol. 

20 

100 grams 731 ED 1/8" milled E-glass fiber and a refractory filler that includes 715 
gms Fused Silica 120 and 715 gms Fused Silica 200 are dry mixed to form a dry blend. 

The dry blend is mixed with 1000 gms of the Megasol of example 1 to form a 
refractory slurry. 

25 

Example 8: This example illustrates forming a refractory slurry by mixing a dry blend 
that includes refractory filler and refractory fiber with an aqueous colloidal 
silica sol. 

30 100 grams Orleans One refractory fiber of Wallastonite and a refractory filler that 

includes 715 gms Fused Silica 120 and 715 gms Fused Silica 200 are dry mixed to form a 
dry blend. 

The dry blend is mixed with 1000 gms of the Megasol of example 1 to form a 
refractory slurry. 
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to instability of the refractory grains and to thermally induce phase changes during metal 
casting. As is known in the art, refractory grains which are free from contaminates in 
amounts that can contribute to instability of the refractory grains can be produced by 
purification with or without calcining. 

Ceramic Shell Mold 

In forming a shell mold, a disposable pattern, preferably a thermoplastic pattern, 
more preferably a wax pattern, is dipped into a refractory prime coat slurry to coat the 
surface of the pattern with a continuous layer of refractory prime coat slurry. Typically, 
one to three coatings of a refractory prime coat slurry are applied. The refractory prime 
coat(s) applied can have thicknesses of about 0.02" to 0.2", preferably 0.04" to 0.2", most 
preferably 0.04" to 0.1". The coated pattern is drained thoroughly to remove excess slurry, 
and then stuccoed with fine grained, refractory stucco to produce a stuccoed prime coat. 
The stuccoed prime coat then is dried prior to application of an additional prime coat. A 
back-up coat is applied over the stuccoed prime coat. The stuccoed back-up coat then is 
dried prior to application of an additional back-up coat. Application of back-up coats is 
repeated until the resulting shell on the pattern reaches a desired thickness and strength. 

The drying time between successive prime coats and back-up coats depends on the 
complexity of the shape of the disposable pattern. Disposable patterns which have deep 
cavities where airflow is minimal take longer to dry between coats. Drying can be 
performed at about 60 ° F to about 90 ° F, preferably about 70 0 F to about 75° F. Drying 
may be performed under accelerated conditions of low humidity and high temperature 
with rapid air movement. A thickness of ceramic shell mold of about 0.20 inch to about 0.5 
inch is sufficient for most castings. Two prime coats, and 4 to 5 back-up coats typically 
yield a 0.25 inch thick ceramic shell mold that has a strength sufficient to withstand 
dewaxing and furnacing. 

Materials 

When a wax pattern is employed, the wax pattern preferably is formed from a 
filled or unfilled paraffin based investment casting grade wax, or microcrystalline wax. 
Various refractory slurry compositions may be used in the refractory prime coat 
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prime coat stucco and the coarse back-up coat stucco, such as a grain size of about -50 
mesh to about +100 mesh, may be applied to the prime coat-stuccoed disposable pattern 
prior to application of the coating of refractory back-up slurry. The transitional stucco coat 
can be used to add strength and to minimize the possibility of delamination between the 
5 final coating of prime coat slurry and the first coating of refractory back-up slurry. 

Dewaxing 

The ceramic shell molds may be dewaxed by methods such as immersion into 
boiling water, steam autoclaving, and flash dewaxing as is known in the art. Steam 
10 autoclaving may be performed by: 

1. Using as high a steam pressure as possible, preferably about 60 PSI or higher, 
more preferably about 80-90 PSI. 

2. Closing and pressurizing the autoclave as rapidly as possible, preferably in less 
than about 15 to 20 seconds. 

15 3. Exposing the air dried green shell to the steam for about 10 to 15 minutes. 

4. Slowing depressurizing the autoclave over about 30 to 60 seconds. 

Flash dewaxing may be performed by plunging the air dried green shell mold into 
a furnace heated to about 1000°F to about 1900°F. At these temperatures, the wax next to 
20 the wall of the ceramic shell rapidly melts so that the pressure due to expansion of the 
wax does not crack the ceramic shell. The ceramic shell may then be removed to a cooler 
temperature zone of about 200°F to 600°F to complete the removal of the wax. The melted 
wax can drain through a bottom opening in the melting chamber into a water bath or 
reservoir for recovery. 

25 

Furnacing 

Furnacing entails heating the dewaxed ceramic shell mold to about 1600°F to about 
2000°F to remove volatile residues and to produce a high strength, fired ceramic shell 
mold. The dewaxed ceramic shell mold is held in the furnace to attain thermal 
30 equilibrium, after which it is retrieved from the furnace and cast with the desired molten 
metal. 
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flexure to determine the modulus of rupture. The modulus of rupture ("MOR") of the 
ceramic shell is calculated using the formula: 

R = (3WI)/(2bd 2 ) 

where: 

5 R = modulus of rupture in lbs/ in 2 

W = load in pounds at which the specimen 
failed 

I = distance (span) in inches between the 
center-lines of the lower bearing edges 

b = width of specimen in inches 
10 d = depth of specimen in inches 

The modulus of rupture for the green shell of example 9 is 1,018 PSI. The green shell is 
fired at 1850 °Ffor one hour. The modulus of rupture of the resulting fired shell mold is 
1044 PSI. 



15 

Example 10: 

The process of example 9 is repeated except that the slurry of example 8 is 
employed. The modulus of rupture for the green shell is 688 PSI. The green shell is fired at 
1850 °F for one hour. The modulus of rupture of the resulting fired shell mold is 941 PSI. 

20 

Example 11: 

The process of example 9 is repeated except that the slurry of example 8A is 
employed. The modulus of rupture for the green shell mold of example 11 is 645 PSI. The 
shell mold is fired at 1850 °F for one hour. The modulus of rupture of the resulting fired 
25 mold is 694 PSI. 



In another aspect of the invention, a ceramic slurry that includes rice hull ash is 
employed. Preferably, the rice hull ash is about 95+% amorphous silica, remainder carbon. 
This type of rice hull ash is available from Agrilectric Power, Inc., Houston, IX 

A/TorroPrimo oilina col hmrlpr avail aVilo ftvvm RnnfrnrV Tr>rJiic*-rioc Tno 
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limiting examples: 



10 of the green shell is 621 PSI. 
green shell is 804 PSI. 



EXMnPle14 ;o(K< a m p 1 e9i S repea te dexcep t *at l here£,a rt o I ys 1 u Ir yu S ed ta c.udes 



20 



fiber. The MOR of the green shell mold is 833 PSI. 



UOOgaWfheW--- ^ ^ce hull ash, and 16 grams of 731 ED 1/8" milled E- 



0 f t heMegaPrfmesmcas..bmderofe^plel2,andmed I ybfendial«0 
l, flb e,and4 B ramsChopVanfage8610e h op I «dl/8-E-g.a S s fi oer.TlreMORof*e 



glass fiber, and 4 grams' 
green shell is 1161 PSI. 



30 
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Example 16 

The process of example 9 is repeated except that the refractory slurry used includes 
1000 grams Megasol silica sol binder that has a pH of 9.5, a solids content of 45% and a 
titratable Na 2 0 content of 0.2%, and the dry blend is 1300 grams of Fused Silica 200 and 
5 100 grams rice hull ash. The MOR of the green shell is 831 PSL 

Example 17 

The process of example 9 is repeated except that the refractory slurry used includes 
. 875 grams of the MegaPrime sol binder of example 12, and the dry blend is 1485 grams 
10 Fused Silica 120, 100 grams rice hull ash and 100 grams of polyethylene fiber that has a 
length of 1 mm and a diameter of 0.5 micron. 

Examjple 18: 

The process of example 9 is repeated except that the refractory slurry used includes 
15 1000 grams MegaPrime silica sol binder that has a pH of 10.5, a solids content of 40%, a 
titratable Na^p content of 0.33%, an average particle size of about 40 nm, a particle size 
distribution of about 6 nm to about 190 nm, and a standard deviation of particle size of 
about 20 nm, and the dry blend of 1430 gram of Fused Silica 200 refractory filler and 100 
grams rice hull ash. 

20 

Example 19: The process of example 9 is repeated except that the refractory slurry used 
includes 1000 grams MegaPrime silica sol binder that has a pH of 10,5, a solids content of 
40%, a titratable IS^O content of 0,33%, an average particle size of about 40 nm, a particle 
size distribution of about 6 nm to about 190 nm, and a standard deviation of particle size 
25 of about 20 run, and the dry blend is 1430 gram of refractory filler that includes 50% 325 
mesh fused silica, 25% 120 mesh fused silica, and 25% 50 mesh fused silica. 

Example 20: The process of example 19 is repeated except that 100 grams of rice hull ash 
also is included in the dry blend used to prepare the refractory slurry. 

30 

Example 21: The process of example 9 is repeated except that the refractory slurry used 
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,00 gram Fused silica 200, 100 gram Mullite 100 Mast The MOP. is 910 ps, 
^aiZrTheproc^ofexamplaaisrepea.adexcep.^MOgranrsofricehunash 
alao is included in the dry blend used to prepare the refractory alurry. 

"'^Surchby^h^byS/SinchwaxbarpattemlasshowninF.g.lisdrpP^ 
tat „ a refractory slurry that tadudes 1000 gra^ of the Megaso. used in example 1,2135 

Lexsmple.dresame refractory ,urry iaus,d for bo* prune and back-up coata. The 
factory (ffler urdudea 1485 grams 2«, meah fused sfflca, 250 gama 35 mesh muHrte, and 

400 grams 48 mesh mullite. 

Waxpatternlis dipped into the refractory slurry for8seconds, removed, and 

20 allowed to drain for 10 seconds to form a first prime coat 

The prime coated wax pattern is dried for 30 minutes at 75°F, and ften agam 
dippedmtotheretectoryslurryforSsecondsUrfomtasecondprimecoat. 

Waxpat^nlhavrng^oprunecoa^enismppedintofherefractorydurryfor 

eightsecondsanddrainedfortenseconds. The coated pattern then is dried for 30 

of five back-up coats. 

After appUcadon of each prime coa, and back-up coat, portions of vertrcal srdes 
lateral sideslA of pattemlare scraped ,o remove *e coats to produce a ceramic 
^moldTOasshownmFlg.lTheceramicsheUmoldlOagain.sdlpped^dre 
M aefractoryslurrytoprovideasealcoaungondrepattern. The seal coated, ceramrc shell 
mold 10isdriedat75-Fovemight. The resulting dried, ceramic shell produced is 
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ceramic shell. The green shell mold then is fired at 1850 °F to produce a fired ceramic 
shell mold. 

Example 24: 

The procedure of example 23 is repeated except that the dry blend also includes 213 
grams of E-glass fiber. 

Example 25: The procedure of example 23 is repeated except that the dry blend also 
includes 100 grains of rice hull ash. 

Example 26: The procedure of example 24 is repeated except that the dry blend also 
includes 100 grams rice hull ash. 
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I claim: 

1 A method of manufacture of an investment casting mold comprising, 

5 rnixmgrefracio^ 

which may be the same or different from the first dry blend, 

mixing the first dry blend with an aqueous colloidal silica sol to form a refractory 

prime coat slurry, 

mixing the second dry blend with an aqueous colloidal silica sol to form a 
prime coat slurry, 

applying a coating of the prime coat slurry onto an expendable pattern of 
thermoplastic material to produce a prime coated preform, 

applying a stucco of refractory material onto the prime coated preform, 
15 drying the stuccoed, prime coated preform, 

applyingacoating of the refractory back-up coat slurry onto the stuccoed, prune 
coated preform to produce a refractory back-up coated preform, 

applying a stucco of refractory material onto the back-up coated preform to 
produce a stuccoed, back-up coated preform, 
20 drying the stuccoed, refractory back-up coated preform, 

removing the expendable pattern from the refractory back-up coated preform to 

produce a green shell mold, and 

heating the green shell mold to a temperature sufficient to produce a fired ceramic 



shell mold. 



25 



30 3. 



The method of claim 1 wherein the refractory fiber is a ceramic fiber and the 
refractory filler includes ceramic grains which have a particle size of about 325 
mesh to about 25 mesh 

The method of claim 2 wherein the ceramic fiber is about 1 wt.% to about 10 wt.% 
by weight of the dry blend, 



WO 02/38308 PCT/USO 1/46454 

21 

the glass fiber is about 0.5 wt.% to about 10 wt. % by weight of the dry 
blend, and 

the refractory filler is about 80 wt.% to about 98.5 wt. % by weight of the dry 
blend. 

5 

4. The method of claim 1 wherein the dry blend further includes a polymeric fiber. 

5. The method of claim 4 wherein the ceramic fiber is about 1 wt.% to about 10 wt.% by 
weight of the dry blend, 

10 the glass fiber is about 0.5 wt.% to about 10 wt. % by weight of the dry blend, 

and the refractory filler is about 80 wt.% to about 98.5 wt. % by weight of the dry 
blend, and 

the polymeric fiber is about 0.3 wt.% to about 4 wt.% by weight of the dry blend. 

15 6. The method of claim 5 wherein the glass fiber is selected from the group consisting of 
E-glass fibers and S-glass fibers, and the polymeric fiber is selected from the group 
consisting of olefins, nylon type fibers, and aramid fibers. 



7. The method of claim 2 wherein the refractory filler further includes rice hull ash. 

20 

8. A method of manufacture of an investment casting mold comprising, 

mixing Wallastonite refractory fiber, glass fiber, and fused silica refractory filler to 
form a dry blend, 

mixing the dry blend with an aqueous colloidal silica sol which has a solids content 
25 of 45%, a pH of 9.5 and a titratable Na^ content of 0.2% to form a refractory prime coat 
slurry, 

mixing the dry blend with the aqueous colloidal silica sol to form a refractory back- 
up coat slurry, 

applying a coating of the prime coat slurry onto an expendable pattern of 
30 thermoplastic material to produce a prime coated preform, 

applying a stucco of refractory material onto the prime coated preform, 
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^yingaco.tmgofxefrac.orybai-upcoatsl^yon.o.he^ccoed.pnme 

coatedprefomtoprcducearefractoryback-upcoa^prefona 

applyingastucco of refractory material onto the back-up coated preform* 

produce a stuccoed, back-up coated preform, 
5 drying the stuccoed, refractory back-up coated preform, 

mmolgthe fhecmop.asuc patternfromthe factory back-up coated preform 

to produce a green shell mold, and . ™,„to shell 

heaungfhe green sheU mold to a tempered sufficient to produce a ceramrcsheu 

mold. 
15 silica sol. 

H A^modofmanufacturoofanrnvestmentcaslingmoldcomprising, 
■ ^^flber.fusedsuicarefrac.oryffllerandricehunashtoformadry 

c.sOicaao.bWexma.haaapHafW^asohdacontentof^anda^Na.O 

aboutenmtoabout^nm.anda.tandarddevladonofpardclesi.eofabout^nmto 
form a refractory prime coat slurry, 

up coat slurry, , 
ap^ymgacoaungofmeprlrnecoa.slurryonu.anexpendablepattemof 

thermoplastic material to produce a prime coated preform, 

appiying a stucco of refractory material onto the prune coated preform, 
•Ml drying the stuccoed, prime coated preform, 

applying a coating of refractory back-up coat slurry onto the stuccoed, prime 
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applying a stucco of refractory material onto the back-up coated preform to 
produce a stuccoed, back-up coated preform, 

drying the stuccoed, refractory back-up coated preform, 

removing the thermoplastic pattern from the refractory back-up coated preform 
5 to produce a green shell mold, and 

heating the green shell mold to a temperature sufficient to produce a ceramic shell 

mold. 

12. The process of claim 11 wherein the blend includes 1430 gram fused silica, 100 grams 
10 of rice hull ash, and 20 grams of glass fiber. 

13. The process of claim 12 wherein the dry blend is mixed with 1000 gms of the colloidal 
silica sol. 

15 14. The product of the process of claim 10. 

15. The product of the process of claim 13. 

16. A method of manufacture of an investment casting mold comprising, 
20 ' mixing refractory fiber and glass fiber to form a first dry blend, 

mixing refractory fiber and glass fiber to form a second dry blend which may be 
the same or different from the first dry blend, 

mixing the first dry blend with a mixture of aqueous colloidal silica sol and 
refractory filler to form a refractory prime coat slurry, 
25 mixing the second dry blend with a mixture of aqueous colloidal silica sol and 

refractory filler an aqueous colloidal silica sol to form a refractory back-up coat slurry 
which may be the same or different from the refractory prime coat slurry, 

applying a coating of the prime coat slurry onto an expendable pattern of 
thermoplastic material to produce a prime coated preform, 

N 

30 applying a stucco of refractory material onto the prime coated preform, 

drying the stuccoed, prime coated preform, 



10 
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applyingacoatogrfthexefta^back-upcoat^on.o^s^ccoed.prune 

coated preform to produce a refractory back-up coated preform, 

applyingastucco of refractory material onto the back-up coated preform to 

produce a stuccoed, back-up coated preform, 

dfldng the stuccoed, refractory back-up coated preform, 

Trroduce a green shell mold, and 

' Jntgme green, heUmofdm a, emperamreaufflcfent to produce a medceratmc 
shell mold. 

17. The product of the process of claim 16. 
^refractory fiber, 

^ingrefractoryfiber^assfiber^and refractory filler to form a second dry blend 
which may be the same or different from the first dry blend, 

Jlngthefirst dry blend with an aqueous colloidal silica sol to form a refractory 

prime coat slurry, 

aWng the second dry blend with an aqueous colloidal silica sol to form a 

i.- t, v,p thP same or different from the refractory 
20 refractory back-up coat slurry which may be the same or am 

prime coat slurry, 

applyingacoating of the prime coatslurry onto anexpendable pattern of 
thermoplastic material to produce a prime coated preform, 
drying the stuccoed, prime coated preform, 

applyingacoamrgof^reuactoryback-upcoatslurryontoprimecoa^dpreform 

10 produce a refractory back-up coated preform, 

drying the refractory back-up coated preform, 

removing the expendable pattern from the refractory back-up coated preform to 

produce a green shell mold, and 
30 ^gmegreensheUrnddtoa^peratu^sunicienttoproduceahredceranuc 

shell mold. 



15 



WO 02/38308 



PCT/US01/46454 



25 

19. The process of example 18 wherein the refractory slurry wherein the refractory filler 
includes 200 mesh fused silica, 35 mesh mullite, and 48 mesh mullite. 

20. The product of the process of claim 18. 
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